Practiced in China for more than 2000 years, acupuncture has recently gained increased attention in the United States as an alternative treatment approach for a variety of medical conditions. Despite its growing prevalence and anecdotal reports of success among pediatric populations, few empirically based studies have assessed the efficacy of acupuncture for children and adolescents. This article presents a review of the current literature, including a systematic appraisal of the methodological value of each study and a discussion of potential benefits and adverse effects of acupuncture. While acupuncture holds great promise as a treatment modality for diverse pediatric conditions, a significant amount of additional research is necessary to establish an empirical basis for the incorporation of acupuncture into standard care.
Introduction
Over the past several decades, the use of complementary and alternative medicine (CAM) has increased in the general population. Between 1990 and 1997, the percentage of American patients using alternative therapies grew considerably, from 34 to 42% (1) . In 1999, more than 50% of physicians surveyed in the United States, Canada, Israel and England reported recommending CAM to their patients (1) . Accordingly, many insurance providers, including managed care organizations, now offer reimbursement for CAM therapies (2, 3) .
Among pediatric populations, CAM interventions such as homeopathy, naturopathy, acupuncture, chiropractic, herbal supplements, vitamin and mineral supplementation, macrobiotics and dietary modifications are reportedly used by 2% to 20-30% of patients (4) (5) (6) . Higher rates have been reported among children with specific medical conditions, such as pediatric cancer, rheumatoid arthritis and cystic fibrosis, where 30-70% of patients employ CAM therapies (7, 8) .
In response to its increasing popularity in both adult and pediatric populations, the National Institutes of Health has allocated a substantial amount of funding to the integration of CAM into mainstream medical practice through the creation of the National Center for Complementary and Alternative Medicine (NCCAM). During the 10-year period between 1992 and 2002, NCCAM funding increased by more than $100 million, from $2 million to $104.6 million (9). In 2006, NCCAM was allocated $122.7 million in order to fund CAM research (9).
Within the repertoire of CAM strategies, acupuncture has emerged as a popular method of managing symptoms associated with a variety of medical conditions (10) (11) (12) . Acupuncture is among the CAM therapies most frequently recommended by internists and family physicians (10, (13) (14) (15) and is currently practiced in over 140 hospitals in the United States (16) .
Prior to the advent of modern medicine, acupuncture evolved as a primary health care modality for treatment of diverse conditions involving orthopedics, gastroenterology, obstetrics/gynecology and cardiology (17) (18) (19) (20) (21) . Originating in China, acupuncture has been practiced as a form of bioenergetic healing (i.e. relating to the flow and transformation of energy in and between living organisms and between living organisms and their environment) for over 2000 years (22) . Although there are several variations in its practice, acupuncture is based upon the notion of energy or 'Qi' (pronounced 'Chee'), which is distributed throughout the body via a complex network of channels, or 'meridians' (23) . Specific acupoints, which serve as target points in order to restore altered or obstructed Qi, can be found at precise positions along each meridian and are accessed using a variety of methods, the most common of which is dry needles (23, 24) .
In response to the widespread use of acupuncture throughout history, recent research has sought to critically examine the efficacy of acupuncture as a treatment for diverse conditions. In adult populations, research suggests beneficial effects for conditions including fibromyalgia (25, 26) , dyspnea (27) , nausea and vomiting (28, 29) , tinnitus (30) , stroke rehabilitation (31) , angina (31) , menopausal symptoms (31), dysmenorrhea (31) , anxiety (32) (33) (34) and pain management (35) . As the adult literature continues to determine the efficacy of acupuncture, the utilization and awareness of acupuncture in the treatment of pediatric conditions is also gaining increased attention. An examination of 43 pain clinics in North American children's hospitals revealed that approximately one-third offered acupuncture services (36) . Most research, which has focused on prevalence rates and acceptability, suggests that a large number of children are being referred for acupuncture, that the notion of receiving this type of alternative treatment is generally acceptable to their parents and that they are happy with the experience overall (37) . This appears to contradict the mainstream notion that children are afraid of needles and that parents may not want to subject them to additional stress and pain (37, 38) .
Despite the high prevalence of CAM usage in children, few empirically-based studies have examined the effectiveness of most CAM therapies in a pediatric population. A literature review of the web-based search engines PubMed, PsychInfo and Medline was conducted using the following search terminology: pediatric acupuncture, acupuncture and children, acupuncture and adolescents, pediatric CAM, CAM and children, and CAM and adolescents. All available studies addressing pediatric acupuncture were chosen for inclusion, with the exception of studies with poor methodological quality (e.g. poorly defined outcomes, sample size <10, etc.). This review will examine pediatric acupuncture across specific disease states, followed by a global assessment of design and methodological limitations commonly noted within this literature base. Contraindications associated with acupuncture and potential future directions will also be discussed.
Studies Assessing Acupuncture for Pediatric Populations

Chronic Pain
Kemper and colleagues (37) conducted a retrospective qualitative examination of 47 children and adolescents, aged 5-20 years, referred for acupuncture for a variety of chronic pain conditions. Treatment strategies included needles (98% of children), moxibustion or heat (85%), cupping (26%) and magnets (26%). Results revealed that 67% of patients and 60% of parents described the acupuncture experiences as positive or pleasant. In addition, 70% of patients and 59% of parents reported that treatment was helpful in alleviating pain. Despite methodological limitations, this study revealed a high degree of acceptability among patients and parents, as well as painreducing benefits associated with acupuncture.
A more recent study by Zeltzer and colleagues (39) examined the acceptability and feasibility of a CAM intervention among a pediatric sample with chronic pain. Thirty-three children, aged 6-18 years, were referred for a combined treatment of acupuncture and hypnosis. The acupuncture portion of treatment included six weekly sessions involving 6-15 needles placed at individuallydetermined acupoints, based on traditionally recognized methods. Participants also underwent progressive muscle relaxation and guided imagery exercises for 20 min. Findings revealed that 29% and 16% of participants had prior experience with acupuncture and hypnosis, respectively. Although parents with previous experience anticipated lower effectiveness, experience and anticipated effectiveness ratings were not associated with treatment outcome. Anticipatory anxiety and pain ratings taken during each session revealed that both variables significantly declined as treatment sessions progressed. In addition, both parent and child reported current pain ratings decreased from baseline to post-treatment on the Varni-Thompson Pediatric Pain Questionnaire (40) . Almost half the participants experienced a 50% reduction in current pain ratings after the intervention. There was also a significant increase in functioning according to both child and parents reports, such that there was less pain-related interference in various arenas, including physical activity and activities with friends. Depression scores on the Children's Depression Inventory (41) did not significantly change over the course of treatment, however, over 90% of the sample did not endorse clinically significant depression prior to the intervention. According to the State-Trait Anxiety Inventory for Children (STAIC)-State Version (42) , there was a nonsignificant decline in reported levels of anxiety over the course of treatment.
In two related studies, Lin and colleagues investigated the benefits of acupuncture for children and adolescents with chronic pain (43) and chronic fatigue (44) . Fiftythree children and adolescents, aged 2-18 years, with a variety of painful conditions, reported significant reductions in visual analog scale (VAS) ratings of pain between pre-and post-acupuncture measurements. The average duration of the 'acupuncture effect', however, was 3.0 days. In addition, the method of determining effect length was unclear, and seemed to suggest only temporary benefits associated with acupuncture as well as the need for continual treatment for long-term improvement. Eight adolescents, aged 11-18 years, with chronic fatigue syndrome reported similar reductions in average pain ratings, as well as temporary reductions in fatigue and an increase in energy after each treatment; however, the authors do not note whether these improvements are statistically significant. A more thorough presentation of the methods and statistical analysis is needed to draw accurate conclusions.
Hand acupuncture has been studied among a sample of 106 children, aged 3-20 years, who presented to a general pediatric practice with a variety of acute and chronic conditions (45) . Participants were encouraged to continue standard of care medical treatments (e.g. antibiotics, steroids) in addition to acupuncture therapy. Based on child-and parent-reports and clinical observations, 96% of participants experienced improvement in their symptoms, defined as complete resolution of pain or a 50% reduction in pain magnitude. Approximately 70% of children noted improvements in <3 days, however most chronic symptoms improved within 1-2 weeks. As the author does not clearly define outcome measurement procedures or statistical findings, this study is difficult to interpret.
Pediatric Migraine
Although several studies have examined the effectiveness of acupuncture as treatment for adult headaches and migraines, as well as a recent review suggesting 'promising results' (46, 47) , there has only been one examination within a pediatric population. Twenty-two children, aged 7-15 years, with migraines were randomized to receive either acupuncture or placebo acupuncture (48) . In the acupuncture group, needles were inserted subdermally, in accordance with Traditional Chinese Medicine. The placebo group received needle insertions within the stratum corneum, a more superficial skin layer. Weekly frequency-intensity questionnaires revealed a significant decrease in migraine frequency and intensity among participants in the acupuncture group, however, no such decline was observed within the placebo group. Findings from this investigation are particularly limited due to the exclusion of participants who used daily medications, a highly prevalent practice among this population.
Procedural Stress
Within the pediatric literature, one randomized, controlled study was conducted among a premature infant population to examine the potential stress-reducing effects of acupuncture during an ophthalmologic examination for retinopathy of prematurity (ROP) (49) . Twenty-two infants were randomized to an acupuncture group, which was administered a single session of electroacupuncture during the ROP examination, or a control group. Saliva samples were taken prior to electrode placement and 15 min after the ROP was completed to examine cortisol concentration, a marker of stress. Findings revealed that salivary cortisol levels increased among both the treatment and control groups, however, only the increase in the control group was statistically significant. Electrical stimulation was administered at a low frequency and intensity in order to avoid potential adverse events; therefore, the results are limited to low frequency and intensity stimulation. No conclusions can be drawn regarding use of a greater frequency or intensity of stimulation.
Enuresis
Early studies within the acupuncture literature reveal success rates as high as 98.2% among enuretic populations; however, these studies poorly define outcome variables and lack methodological empiricism (50-53). More recently, Bower and colleagues (54) performed a review assessing the use of acupuncture for nocturnal enuresis within the pediatric literature. Of the 206 articles examined, only 11 studies met criteria for inclusion. Nevertheless, they found that combined heterogeneous forms of acupuncture, as well as acupuncture combined with Chinese herbal remedies, might reduce the number of wet nights to a greater extent than a single treatment modality. Notably, they did not find a significant difference between acupuncture and antidiuretic medication trials.
Perhaps the most empirically sound study cited in the aforementioned review was a randomized trial investigating laser acupuncture as compared with desmopressin, a commonly used antidiuretic drug (55) . The standard treatment group consisted of 20 children, aged 5-16 years, who received intranasal doses of desmopressin for 3 months. Twenty children, aged 5-14 years, were randomized to receive 10-15 acupuncture sessions in which pre-specified regions were targeted with a lowpower laser. Post-treatment assessments at 6 months revealed that 75% of participants in the desmopressin group were complete responders (at least 90% reduction of wet nights) and 10% were partial responders (at least 50% eCAM 2009;6(4)reduction in number of wet nights). Similarly, in the acupuncture group, 65% of the children remained completely dry at 6 months and 10% were partial responders. Considering the spontaneous cure rate of 15% a year among enuretic populations, these findings suggest a role for acupuncture as an alternative treatment option for families.
An earlier study (56) examined 25 children, aged 7-16 years, who had previously been treated for nocturnal enuresis. Children underwent 20 sessions of electroacupuncture, in which pre-selected regions were manually stimulated, and/or stimulated through painless low frequency biphasic pulses. At the 6-month follow-up, five of the children were considered responders (90% reduction in number of wet nights) and six were deemed partial responders (50% reduction in number of wet nights). Although a majority of children were non-responders at 6 months, 65% of the sample experienced an increase in dry nights such that the median numbers of dry nights increased from 2.3 to 5.0 dry nights per week.
A more recent study examined 15 children, aged 6-18 years, with nocturnal enuresis (57) . Participants received four weekly sessions of acupuncture in pre-selected acupoints. Findings revealed that 20% of children were deemed cured (90% reduction in number of wet nights), while another 20% showed clinical improvement (50% reduction in number of wet nights) immediately after intervention. In addition, at the 2-month follow up, 47% of the sample was deemed cured. A similar study conducted among 50 children with nocturnal enuresis, aged 9-18 years, found 86% of participants experienced no bedwetting at a 6-month follow up (58) .
In addition, Korean hand acupuncture for children with nocturnal enuresis has been examined in a doubleblind, placebo controlled, crossover study among 26 children, aged 5-13 years (59) . A reduction of wet nights was observed under both active and sham Korean hand therapy conditions, however, more children improved while undergoing active treatment. A total of 53% of participants experienced 90% dry nights at 3-month follow-up. However, outcome measurements and statistical findings were not clearly defined in this study.
Although pharmacotherapy is highly effective among children with enuresis, parents are often hesitant to initiate pharmacological treatments. Therefore, behavioral strategies, including alarm therapy and bladder stretching exercises, have been employed and often used in conjunction with medication (60, 61) . As the efficacy of acupuncture continues to be explored, its use as an alternative treatment option for enuresis among children and adolescents appears to be gaining validity.
Constipation
Only one study has investigated the use of acupuncture for the treatment of childhood constipation (62) . Twenty-seven children, aged 3-13 years, who had been experiencing constipation for at least 6 months were initially enrolled in the study, however, 10 children were excluded due to poor compliance. Fifteen children, aged 2-14 years, who did not experience any gastrointestinal difficulties, comprised the control group. Participants initially received five weekly placebo acupuncture session in which needles were inserted into the stratum corneum near the actual acupoints. Following the placebo intervention, participants underwent 10 weekly acupuncture sessions through subdermal needling. Both males and females showed a similar significant increase in number of bowel movements per week after 10 weeks of acupuncture, however, females tended to improve more quickly. In fact, female participants began to display improvements after the initial 5-week placebo acupuncture trial. This study holds promise for the role of acupuncture in the treatment of pediatric constipation, yet more research is clearly needed to replicate these findings.
Epilepsy
The Cochrane Collaboration recently published a review of acupuncture research in the treatment of epilepsy (63), however only one study examined a pediatric sample. Specifically, Xiong (64) published a study in China that assessed 64 boys, aged 1-17 years, with epilepsy. Participants were randomized into one of three groups: fixed point acupuncture and Chinese herbs, Chinese herbs alone, or carbamaxepine alone. Findings revealed a <50% reduction in seizure frequency in 90%, 80% and 73% of participants in the three treatment groups, respectively. However, this did not represent a statistically significant difference in improvement between groups. Furthermore, acupuncture plus herb treatment did not statistically differ in terms of the length of seizures or EEG normalization as compared with the herb or carbamazepine treatment alone. In conjunction with these non-significant findings, the Cochrane review concluded that there was no strong evidence for acupuncture as a treatment for epilepsy.
Allergies
Despite the fact that only one randomized trial has been conducted in the adult literature, 5% of adults with allergic rhinitis in the United States have reportedly used acupuncture to alleviate their symptoms (65, 66) . Similarly, only one randomized study has been conducted to assess the effects of acupuncture on pediatric allergic rhinitis. Ng and colleagues (67) conducted a double blind, randomized, placebo controlled study among children in a Hong Kong Hospital with persistent allergic rhinitis. Seventy-two children, aged 6-20 years, were assigned to receive acupuncture or sham acupuncture, where needles were inserted only 0.3 cm into the skin and were not rotated as in the active acupuncture protocol, biweekly for 8 weeks. During the 12 weeks following treatment, a significant reduction in daily rhinitis scores was reported among the acupuncture group. Similarly, the acupuncture group had significantly more symptom free days during the treatment and follow-up periods. Visual analog scores also revealed greater immediate improvement among those in the acupuncture group. Laboratory findings revealed that post-treatment IgE levels, which indicate the presence of an allergic antibody, were significantly elevated in the sham group, but not the acupuncture group, as compared with baseline data.
Neurologic Disability
Several studies have been conducted among children with neurological disabilities in order to examine the role of acupuncture in alleviating specific maladaptive symptoms (68, 69) . One such study examined the impact of tongue acupuncture on drooling problems among 10 treatmentresistant children, aged 2-18 years, with various neurological disorders (69) . Each child received 30 sessions of daily acupuncture over 6 weeks. Prior to treatment and during each session, the primary caretaker completed a VAS assessing drooling severity (70) and recorded drooling severity and frequency to yield an overall drooling score, as previously validated by Heine, CattoSmith and Reddihough (71) . In addition, a blinded research assistant calculated a drooling quotient (72) several times a day. All outcome measures revealed statistically significant improvements over the course of treatment. In addition, 6 month follow-up data suggested that most mothers observed lasting improvements in severity drooling.
A second tongue acupuncture study assessed functional outcomes among a sample of 33 children, aged 3-16 years, with cerebral palsy (73) . Twenty-two participants were randomized into the treatment group and received 40 daily sessions of tongue acupuncture over 8 weeks. Eleven participants were initially placed in the control group and received 40 sessions of sham acupuncture in which needles were pressed upon, but not inserted into, specified acupoints. Two weeks after the 40 sham acupuncture sessions, the control group crossed over to receive a course of tongue acupuncture. The Gross Motor Functional Measure [GMFM: (74) ] was used to assess changes in gross motor skills and the Pediatric Evaluation of Disability Index [PEDI: (75) ] was administered to determine self-care, social and cognitive functioning. The initial control group was administered a third set of measures after receiving the true acupuncture intervention at week 20. Results suggested a significant increase in motor functioning and significant improvements on the mean self-care subscale, the mean mobility subscale and the mean self-care assistance subscale over the course of true acupuncture treatment. No significant differences were detected on the PEDI among the sham acupuncture control group, however, the mean GMFM significantly improved. Paired differences between groups suggested that the mean increase in GMFM scores within the test group was significantly greater than that observed in the control group.
Duncan and colleagues (76) conducted a randomized, controlled study investigating osteopathic manipulations and acupuncture among children, aged 11 months-12 years, with spastic cerebral palsy. Participants were enrolled in either a waitlist control group, which included non-therapeutic time with a volunteer (n = 19), an osteopathic manipulation group (n = 23), or an acupuncture group in which individually determined and symptom-specific acupoints were employed (n = 19). Based on clinical interviews, 91.3% of parents in the osteopathic group and 100% of the parents in the acupuncture group reported improvements in their children, while only 12% of control group parents reported improvements. Improved functioning was frequently described as increased use of legs or hands, more restful sleep, improved mood, more regular bowel movements and decreased muscle stiffness.
Laryngospasm
Researchers examined the use of acupuncture to prevent laryngospasm, a common side effect of pediatric general anesthesia associated with tracheal extubation (77) . After waking from general anesthesia for various surgical procedures, 76 children, aged 1-10 years, were randomly assigned to receive either acupuncture or no treatment. Findings revealed a statistically significant difference in the number of patients who developed post-extubation laryngospasms, such that 5.3% of the acupuncture group and 23.7% of the control group evidenced laryngospasm. It is important to note that patients who did develop laryngospasm were immediately treated with acupuncture and blood letting; symptoms resolved within 1 min of treatment in all patients.
Post-operative Vomiting
In contrast to the aforementioned conditions, numerous studies have assessed the efficacy of acupuncture for the management of post-operative nausea and vomiting (78) (79) (80) (81) ). An early study by Yentis and Bissonnette (81) examined 90 children, aged 1-16 years, undergoing elective outpatient strabismus surgery. Participants were randomly assigned to one of three groups, including droperidol (82), droperidol plus 5 min of manually stimulated acupuncture on the P6 acupoint, or acupuncture alone. Acupuncture was administered after anesthesia induction, but prior to surgery. Results revealed no significant differences between the three treatment conditions in terms of total incidence of vomiting or eCAM 2009;6(4)vomiting before hospital discharge. However, children in the droperidol group were noted to be significantly more restless post-operatively, as compared with children in the acupuncture alone group.
An additional study among 187 children, aged 7-16 years, examined post-operative nausea and vomiting after general anesthesia and outpatient surgery by employing four study groups: (i) intravenous saline and P6 acupuncture, (ii) droperidol and P6 sham acupuncture, (iii) saline and sham acupuncture and (iv) saline and P6 sham acupuncture (83) . Findings revealed a significantly lower incidence of PACU nausea and vomiting in the P6 group as compared with the sham group and the P6 sham group, but not the droperidol group.
Schlager and colleagues (84) made several modifications to earlier methodologies (81, 85) in order to test the efficacy of acupuncture for post-operative vomiting in a similar sample of children undergoing strabismus surgery. Their treatment group (n = 25, mean age = 6.5) received Korean hand acupressure, in which a disc is used to apply pressure to the Korean K-K9 acupoint, 30 min prior to the induction of anesthesia. The disc was secured in place for at least 24 h. In addition, this study employed a control group (n = 25, mean age = 6.5), which had tape, but no disc, placed over acupoints in order to simulate treatment. Results indicated a significant difference in the incidence of post-operative vomiting between the two study groups, such that only 20% of patients in the treatment group, but 68% of control patients vomited after surgery. In contrast to the Yentis and Bissonette studies (81, 85) , interventions were administered while children were still awake, prior to the delivery of anesthesia. This strategy coincides with the adult literature that suggests anesthesia may mute the effects of acupuncture (86) , as well as a meta-analysis suggesting that patients must be awake rather than anesthetized in order to receive the antiemetic benefits of acupuncture (87) .
Similar findings were observed in a study examining the effects of laser-stimulated acupuncture on postoperative vomiting among a sample of children undergoing strabismus surgery (79) . Forty children were randomized to receive either low-level laser stimulation of acupoints at P6 (n = 20, mean age = 5.9), or placebo acupuncture in which an inactive laser was held over P6 (n = 20, mean age = 6.3). Laser and placebo acupuncture interventions were delivered 15 min prior to the induction of anesthesia, as well as 15 min after arrival in the recovery room. A significant difference between study groups was observed; 85% of participants in the placebo group vomited 24 h after surgery, while only 25% of children who received laser acupuncture vomited during that time.
Acupuncture has also been studied under outpatient conditions among children undergoing dental treatments with general anesthesia. Somri and colleagues (88) conducted a randomized prospective study of 90 children, aged 4-12 years. Their investigation employed three study groups including an ondansetron group (n = 30), which represented the standard of care to prevent post-operative vomiting, an acupuncture group (n = 30), which received bilateral needle insertions at two locations, including P6, prior to being transferred into the operating room and a placebo group (n = 30), which received pre-operative saline. Both the ondansetron and acupuncture groups had significantly fewer emetic episodes after discharge on the day of surgery, as compared with the placebo group, and reported higher satisfaction with anti-emetic treatment. In addition, a significantly higher proportion of children vomited during the day of or the day after surgery in the placebo group as compared with either the ondansetron or acupuncture groups. However, no significant differences were detected between the ondansetron and acupuncture groups in terms of nausea, vomiting, or overall satisfaction.
Post-operative vomiting is also prevalent following pediatric tonsillectomy procedures. One study randomly assigned 90 children, aged 4-12 years, to one of three conditions: single dose administration of ondansetron following intubation, transcutaneous electrical stimulation of surface electrodes on several acupoints prior to induction of anesthesia and again in the post-anesthesia care unit (PACU), or a no-treatment control group (78) . All children were discharged from the PACU to the day surgery care unit (DSCU) prior to returning home. No significant differences in terms of number of emetic episodes were detected between the ondansetron and acupuncture groups, however, both treatments were significantly better than the control group such that they evidenced fewer emetic episodes in the DSCU and on the day of surgery. In addition, the ondansetron sample reported significantly more clinical and symptomatic side effects than either the acupuncture or control samples. Satisfaction ratings were significantly higher among the two treatment groups as compared with the control group.
A more recent study examined the use of electroacupuncture at P6 among 120 children following a tonsillectomy, aged 4-18 years (89). Participants were randomly assigned to an active acupuncture group, a sham acupuncture group, in which needles where inserted in acupoints not associated with antiemesis, or a no-needle control group. Findings revealed a significantly lower incidence of post-operative nausea and vomiting symptoms (PONV) in acupuncture group (63%) as compared with the control group (93%). No significant difference in PONV was observed between the sham acupuncture group (88%) and controls (93%). Although vomiting occurred in 63% of the acupuncture group, 88% in the sham group and 78% of the control group, these differences were not significant.
Shenkman and colleagues (80) also investigated the use of acupressure and acupuncture in children undergoing tonsillectomy. Forty-seven children, aged 2-12 years, were randomly assigned to receive acupressure, in the form of Acubands with adjustable straps over a spherical bead and acupuncture at P6. After anesthetic induction, but prior to glycopyrrolate or morphine administration, Acubands were replaced with intradermal needles that were covered with tape. Fifty-three patients were assigned to the control group in which sham acupoints were employed, no spherical beads were used with the Acubands, and no needles were inserted under the tape. No significant differences were found between study groups in terms of post-operative vomiting.
The use of various forms of acupuncture, including laser acupuncture, electrically stimulated acupuncture, Korean acupuncture and acupressure have been assessed in terms of their potential antiemetic prophylactic properties. Although the literature includes mixed findings, acupuncture therapies seem to result in a reduction in emetic episodes when administered prior to anesthetic induction. As noted, more research has examined post-operative vomiting as compared with other pediatric conditions; therefore, patterns of effectiveness have begun to emerge. This relationship highlights the benefits of combining the cumulative findings of large-scale, randomized, double blind and placebo-controlled studies in order to assess the empirical value of a given intervention.
Cancer-related Conditions
Pediatric patients with cancer have incorporated CAM into their treatment regimen to a relatively large extent, with prevalence rates ranging from 31 to 84% (90) . However, there is much controversy over the use of these methods in the face of limited empirical research to support their efficacy, especially when families opt to employ alternative methods in lieu of conventional, evidence-based therapies (91) .
Several studies have examined the use of acupuncture for the management of chemotherapy-induced nausea and vomiting, however, most tend to be among adult populations. These studies generally suggest significant reductions in nausea and vomiting among samples undergoing chemotherapy (92) (93) (94) (95) . As a result, the National Institute of Health (NIH) has approved acupuncture for the management of chemotherapyinduced nausea and vomiting (96).
Only one study specifically examined a pediatric cancer population. Reindl and colleagues (97) conducted a recent interim analysis for a randomized, crossover study among 11 children, aged 10-16 years, who were undergoing chemotherapy for the treatment of a solid tumor. Patients were randomized to receive antiemetic medication (phenothiazines) plus acupuncture, or antiemetic medication alone. Findings revealed that the use of additional antiemetic medication was reduced among participants who were also undergoing acupuncture, however, no significant differences in episodes of vomiting were detected. Personal journals kept by participants noted that continuation of acupuncture treatment was based upon self-reported reduction of chemotherapyrelated side effects, and a higher level of mental alertness as a result of acupuncture. These promising results, however, must be interpreted with caution. Acupuncture was administered at the discretion of the acupuncturist, such that no specific points were examined, but rather individually determined sites were employed for each participant.
Although acupuncture has been found efficacious among adult oncology samples for chemotherapy-induced nausea and vomiting, more research is required before such claims can be made among pediatric populations. While Whitsett and colleagues (91) warn against the use of untested therapies, they highlight the power of hope among children and families faced with cancer. As a result, continued efforts must be made in order to augment the sense of hope that appears to accompany most CAM treatments with a strong empirical basis demonstrating efficacy and safety.
Discussion
Acupuncture has been investigated as a potential treatment for a diverse range of medical conditions and demonstrates relative promise in the management of pediatric pain (37, 39) , migraines (49) , infant distress (50), enuresis (55) (56) (57) (58) , constipation (62), allergies (67), neurologic disability (68, 69, 73, 76) , laryngospasm (77) and post-operative vomiting (78, 79, 84) . However, some inconsistent findings have been reported among pediatric populations (64, 80, 81, 85) , suggesting the need for additional, methodologically sound research in order to assert acupuncture as an empirically valid intervention for childhood conditions. More specifically, several methodological barriers and conventional fears have contributed to the relative dearth of empirically sound studies. The limited scientific literature investigating acupuncture may result from the patient-specific needling inherent in the practice of acupuncture, small sample sizes, a lack of control groups, the role of the placebo effect (98), as well as initial problems with funding, resources and institutional support. Nonetheless, children and their families continue to seek these services, even in the face of limited findings.
In Western Medicine, treatment regimens tend to be standardized, however, the tenets of Traditional Chinese Medicine suggest an individualized approach to patient care. Therefore, the practice of acupuncture is largely dictated by the specialization of the practitioner and the needs of the patient. Filshie and Cummings (98) note areas of variability, including acupoint selection, number of needles per session, needle diameter, depth of insertion eCAM 2009;6 (4) and duration of needling. Therefore, the variability inherent to the implementation of acupuncture makes it difficult to examine through standard methodological approaches.
Likewise, most acupuncture literature is generated in adult populations in China under a more lenient methodological framework. Reports tend to be descriptive in nature with unclear outcome measures often reported as 'cured', 'greatly improved', or 'slightly improved' (98-100). In addition, most studies are retrospective, do not include control groups, employ undefined inclusion and exclusion criteria, and do not report statistical analyses. While this research may provide a qualitative review of acupuncture, it is difficult to rely on these reports as an unbiased endorsement of effectiveness. Future acupuncture research should be based on rigorous study methodology and comparison with a randomized control group, such as a wait list, standard care, alternative treatment, or sham acupuncture group.
Alternatively, investigators in pain management have discussed the utility of practical controlled trials (PCTs) versus randomized controlled trials (RCTs). PCTs are designed to answer specific questions faced by health care providers and decision makers, such as those regarding the costs, benefits, safety, or feasibility of a particular intervention (101) . They are particularly well suited for the study of complex interventions, such as CAM therapies, as they assess traditional outcome measures as well as the environment in which a therapy is delivered and its influences on broad health outcomes, such as quality of life (102) . While the RCT is often limited by strict inclusion/exclusion criteria, the PCT assesses a broad range of health outcomes across diverse populations and practice settings. An example of a PCT may be a natural comparison of yoga, acupuncture and pharmaceutical management for low back pain in participants from diverse backgrounds (103) . This PCT study would examine pain outcomes as well as quality of life outcomes and outside healing influences.
In addition to understanding the methodological limitations associated with the pediatric acupuncture literature base, one must address concerns related to potential side effects, and the acceptability of this treatment among parents and children. Research has consistently shown that the occurrence of adverse events in the practice of acupuncture is rare (44) . Although there have been case reports of acupuncture-associated fatal pneumothoraces (104) , cardiac tamponade (105) and serious infections (106), the reported incidence of serious side effects from acupuncture therapy performed by a licensed acupuncturist ranges from 1 in 10 000 to 1 in 100 000 (15, 107, 108) . In a review of first-hand accounts of acupuncture-related complications and adverse effects, Lao and colleagues (109) identified only 202 reported cases in 35 years of literature.
While serious consequences of acupuncture are rare, adverse effects can occur (110) . Several studies report injuries to the central nervous system, including direct injury to the spinal cord and the spinal nerve roots, as well as indirect injury by needle fragments (111, 112) . A Swedish study observed bleeding in 1371 of 9277 (14.8%) acupuncture treatments, as well as transient symptoms, including faintness, sweating and fatigue (113) . A large Australian survey demonstrated that local skin infections occurred after acupuncture in 128 of 3222 cases (114) . Likewise, though the chances of serious infection are quite low, there are several case reports suggesting that hepatitis, HIV and sub acute bacterial endocarditis may develop after acupuncture treatment (115) (116) (117) .
Improper handling of the acupuncture needles or reuse without proper sterilization can increase the risk of infections (108) . Consequently, the NIH Consensus Developmental Panel on Acupuncture (96) calls for appropriate safeguards to be implemented for the protection of patients. Acupuncture needle use must also follow FDA regulations, including the use of sterile, single-use needles. In addition, access to licensed and certified acupuncture professionals should be ensured for all patients.
In contrast to conventional thought that children are afraid of needles, studies suggest that most children tolerate acupuncture therapies well and view acupuncture as a positive experience (37) (38) (39) . However, as some children may still be wary of acupuncture treatment, many pediatric acupuncturists use gentle or non-invasive treatments such as low-level electrical stimulation, magnets, press balls, indirect moxabustion and warming skin salve to stimulate acupuncture points without penetrating the skin (1) .
As the scientific literature investigating the role of acupuncture in pediatric populations continues to grow, health care professionals must be prepared to discuss complementary and alternative interventions with families. However, a significant amount of additional research is still needed in order to establish a sound empirical basis for the incorporation of acupuncture into standard care. Given the promising trends in the current research, the relative willingness of families to engage in acupuncture and the low risk of deleterious side effects, acupuncture may serve to harmonize Traditional Western Medicine and Traditional Chinese Medicine as a means of promoting preventive care and symptom management for children.
